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(57) Abstract: A magnetic thin film which can be produced by the same dry process as that for a maghetoresistance element forming 
a reproduction head, and is provided with excellent soft magnetic characteristics suitable as a recording head magnetic pole material 
and having a saturation magnetic flux density of at least 2T and a coercive force of up to 2 Oe; a production method therefor; and 
a magnetic head using it, a magnetic recording device and a magnetic device. The magnetic thin film is characterized by being an 
iron carbide film having a martensite ( Qf *) phase as its main phase and containing at least carbon and iron as constituting elements. 
This iron carbide film is preferably in a form consisting of Of * single phase, is a magnetic thin film specified by having a diffraction 
peak from a '-phase's (002) plane observed as a main peak by 
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an X-ray diffraction method or an electron beam diffraction method, is provided with a body-centered tetragonal structure, and has 
a difficult-to-magnetize c-axis approximately vertical to the film surface and an easy-to-magnetize c-plane approximately horizontal 
to the film surface. 
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*%mzmzm&mmt, ^)v^>^h (a' ) u '>&< 

3V*tt*F»|El$ri£K:J:0 a' ffi© (0 0 2) ®^e>»HI*f fcf-^ifcS tT- 
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mmm 

*'T&z:t'fc<, AViffiftfflEffig (saturation magnetic flux density) £/J\ 

mizmmm^&tmrsmM^y ^<Dmmum^^thrmmizm^^n^ 0 
ss^ Mmmmittmh<mts\z-onx, *©i***»*frr*«», *xh/\s 

> flAtf/\-F5V**K7-f:7 (HDD) T?fcJU £tt3nStt&flBgft#©¥ 

±IB©KlHS&£ft;£EI5fc«>fc:fcJ\ ®#©fEiUiK:«^&^a^£aE£ 

xtefttfl* mmo'm{Mz£r)mfc<D'i^Mmfr, mitKttmomi&iWET 
t^z-onx, Mmzfo&#?m&M&*£fcLTmmm\z&%\Tzz>ffin t tg,m 

%^%%\\MhtzMMMM (MR : magnetoresistive) &7 : &5&$¥f£.'\y H 
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2 

(T) gfO/t-YD-f (78wt%Ni-Fe^) a*t£Tfc£o 

m®M$L®m%$i±2 j &f£ttntisT, 1. i~i. 2 Tg«©ttft«3iEM* 

fe^"fe>yxh (Fe-Al-Si^) *>1. ST^CffiSHBjMfcfl^fc^ 

' (1) 1-0 7 4 1 2 2#^« Cfclttl tffftfS) fctt. #>d€&£ 

fflVifcC o - F e - N i ^M©fffi^li$tlt^5„ n/Wh^ft&U 
0~7 0wt% , ttf 1^2 0-4 Ow t %*i^-<y^f i 

Jft&i^TCo-Fe-N i^*sf^»T?#sz:t, S&ft&nfc^&ttfcJu 

(2) 4WF0 8- 1 0 7 0 3 6#&« Otitt2 fctt, 

£#£U utlCTa, Zr> H f i£W±N b©ft^£j!fcm34>&< it> IS 
^£5~2 0at% (M^%) 0«flf«H"r» Si, B, C, N©fa&>Sgtift 
54>& < £ 1 ®^©7C^$ 5 ~ 2 0 a t % ©»£l&HT?^ir'&&j&* 6 & 0 , $ 
Sfc* C©«ttJKfc^^T«tt5c*^fcA K Tis Cr, Ru, Rh> Pt 
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, Po\ Mo, W<Dftfrt>m\£tlZ>')>?3i< lMi©7nil£l~2 0 a t %0D 

mmx*mnhtch<Dfj^m^nx^^o #e>ftfc<g-&$iteu 1. 

5T, &a^0. 1 Oe (10e=l57 9A/m) , lMHzHI)1t5Il 
*3^3 0 0 0SU:T&D» fl8ag€**«l 0~ 7 #(C^D> 

(3) MB E (Molecular beam epitaxy) j££JHV>fc^»ftF e i«N*&©ftM8 
.fefcowr, #ffl &»&©,}; 5 fc»£LTU5 [Y.Sugita et. al. , J. Appl. Phys. 
76, 6637(1994), 3titt 3 . S&£LTf£, f^«"r*F e leNtBStOa 

ttOftS iftf jafcSHIJHftStfc I n o. » G a o. i A s (0 0 1) £^34$* 

fcas#£jBn*. s-r, doat#ft*a^TftijiMaa (6 7 513, sao m. 
, gm&mi 1 a t *©*, j&mmmzo. 0 

0 2~0. 0 0 3nm/secl:, J«4 1 <D;ffXJE£ 0 . 1-0. 2mTorrl;rt 

©ffiftH83fcl&gtt*9 2 . 4mofc. OUT, jfcJB&fcl 0- a Torr-&©HS 
4>T2 0 0t;©i&MSUfr®37^-y>^S£9 0 BfF*1 fcfif 5 £ D, 
ffi»«DK««*«tt2. 9T©**SB,FeiaNa (a" ) IR#»&tt5J:£}WE« 
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4 

#£^#^RffM®#tt^ a^ F 

&m&&Kft&w&<o&iaifi&mtmm'Zti&o una, x^i 

tfe?8ilH»^«ft:SH5|Rk:ffi^6ns»«*39S2 5 0 OXJ^f y H (Oe) £ 

<bm&&*) 5 ov&^4 9 ot;T'3iwiu W5 9otT3 oftmm 

*fc*©ri5KJtffit40. 0 0 2~0. 0 0 3nm/s e c <h^atCji<* 
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upturns nzz.t\$m^tco 
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(A) 1. 5TPih I^Ktt2T^±0!SWira[t§lIW, 

(B) 2 OeUT. H£L<»1 Oe&T<D®Mtl*%'r$>M®ttm, 

(C) ^««©ffllE»Jk"^M¥att©«»*H*aW^6» H^yKCDMR 

(D) MxeicajKbfc*J«e«t"fet)^«Ji^n^x^oai6:*S«it, ft 

#Pfcf'&n5 [T.K. Kim and M.Takahashi, Appl.Phys. Lett. 20,492(1972)] „ 

ffitLfcc:tT*«. ^©1t> £»©8B^WTiit4J&*fi 1 :bn& 

bfctfoT, ±13 (A) ~ (E) fceRlyfc^frS^fel-BftAyHfflODaW 



WO 01/93286 PCT/JPOO/08167 

6 

. fox, ^^nm^m^mii^'r^mm^mtmn.mn.BmMom^, 

±>£Lfc (A) ~ (E) »CB«bfc*#S*fc-r«tt»«tR^0«i* 

(ALl) Ml*I^IH^jii#: (longitudinal recording medium) £1f J5&"f <5 

(AL2) ^kBM^M^Mi^ (perpendicular magnetic recording medium) 

(AL3) X^X^x^fiSS' (exchange-spring magnet) &£W3:Xt?>h 
7>*?7s9W5 (spin transistor magnet) *jRjsj&t**ttflHtttji©^< tt>— 

(A L 4 ) «*«fe>«9-. (magnetic sensor) 5€£i*K©4>&< <t %> 

(A L 5 ) ISSSIr/HX (high frequency passive device) &&&& 

(AL6). T^^Dh7>7. (micro trans) &5V>fcr?<£D-f ( 
micro inductor) &«j&-rs«N&K©4>fc< £fe^fcJBV>S«tt*lfc£ LTffi 

±IB (ALl) ~ (AL6) fcBBtt©ftft©»&5 ; ; , W Xfc&^Tfc, ±|B# 
fc>£9 ri. 5T£U:> MU<tt2T»±©tS»««*ftj * T2 Oe 

©fi#ft£-J£ £ [r]± £ -fr 3 £ £ -5 . 
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!n £ $> %> o 

*368fcf&Sigt;©BWfcL "«5E*«fcD«nfc»1#tt» W*t£x*;^-flK>J« 

&fcimm%Bi$T%xm*MmLrzz.£zwwL£LT^z>o 
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, mm.m^Bmm^<Dmmm t vxmm? zwm®.m<DT\zmtfz z t £#t* t 

02&> *^(C^§ai4^0XiilllI^m^*r^^7Ta5O> (a) 



WO 01/93286 , PCT/JPOO/08167 

9 

ttttttfig© (0 0 2) ®^60®Sf«*t^fc«tf-^$a:U tV&MmiZ^U 

-\tf2.m-t)mmtsnz>m&%, (t>) m&amm® (002) m^ommmo 

ft*** Ssfc&fcHiiit c / a £J^©Mfl^iF*fc*f LT7°D >y h 

So 

H 6 fit, ^Si^J 1 T?f^«OfcKJRS 1 ©55J*+©ft3lte*r*#4 a t X<0& 
MIOb^T'J^ilT^O, (a) ttb c t^©<0 0 1>#|rK 
(b) lib c t*ifi©<l 0 0>#|3K (c) teb c t»Ji<0<l 1 0>^T|fi]© 

tenser. 

©<o 0 i>^*fctt<i 0 o>%fttzmm&&i!aisitm&<Dii&k£*T. 
m 9 1 -efcULtcmms 1 QBmt&mtjfflms&etB s £©g§ 

Bill*, ^W4T«ft«Uft*^«^*i*©^jtfti:#6nfcftft«J8t 
© (0 0 2) ®©X*MS£0H«£jR?- ^77^5, 
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0 1 5 ft,, m 1 4 fc^r«aiB»s«cD¥»fiiHT»5. 

0 i 6 ft, iwb^fc£W3ii-sasM&&*.T, c^*i:«sft«»a^tt 

01 7 ft, *^0J(c:#§^{b^]i^M{cfflVifcSEm^l2^ffl0fB^A-/ H 

02 0ft, *^HJ^§^{b^m^X^X5 i x>^5^5ViftXlf>h7> 
®0T&£ O 

021ft, *»wfc«*^b«^&a^>**«fifc-r5es6aiK©di>ja:< t 

©«iWS:»fiSBI (b) 

02 2ft, *mMiz&zmmm*^mfo%m7/^x*mi&?%fcmmm<D 

02 3 ft, *3BWfcfR*ftMftK£'?'f £D Yy>7,h^\t^^^u^(>^ 
10 

1 1 ft&Ji, 

12 /b7 7E 

21 mm^ 

2 3 m&xm&m <d* v - h , 
24 *-^-yyh, 

2 5 ^-^yh, 
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2 6,27 £MHg#* 

2 8 > 2 9 DKMflU 

30> 31 7^-Xv-;i/h\ 

3 2 

3 3 l/w^OW^-Wi. 
3 4 *s*y$<JMU%* 
3 5 SW> 

3 6 w&£)W--$mmv>wm&L. 

3 7 ^®£&ftTO9¥& 

3 8 

3 9 

4 o «*BJjn?av 

4 1 

4 2 ^iAP, 

4 3 

4 4 

5 0 IIa^ h\ 

5 1 mmmm=fs 

5 2 T«?*>-;H«Ji, 

5 3 ±»^-;p H****i5Taia»a, 

5 4 ;k 

5 5 ±fS8ffii» 
5 6 
5 7 

5 8 h\ 

5 9 tm^y h\ 

7 0 A-K-x-f *£gflL 

7 1 |S#, 

7 2 fig*tfl8fijg& 



WO 01/93286 



7 3 7.^— ih 

7 4 *tf>F;k 
7 5 

7 6 Ji^tt, 

7 7 IhI3£$Ik 

7 8 X-O^T-A, 

7 9 itX^>->a>, 

8 0 fB^Ay H> 
8 1 

8 2 

8 3 n-r;K 

8 4 +MJiv 

8 6 4HM« 

8 7 Slft&ftfBftftfc 

8 8 £fc v 

8 9 flBM, 

90,91 mftmmmmfc. 

9 2 £fc 

9 3 ^UTOS, 

9 4 IBM. 

9 5 ^fe^m> 

9 6 vmm. 

9 7 $mm. 

10 0, 10 1 SttfgftflBfttgfc 
10 2 £fc 

1 0 3 ^tt^ll, 
10 4 IBM, 

i o 5 umm. 

1 0 6 *Mj|, 
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2 0 0 X^T^x^i&H, 

2 o i mm&m, 

2 0 2 ift»JI> 

2 0 3 7.\i>Yyyi?7,$>m5. 

2 0 4 fiHBttJi, 

205 mN&n. 

2 0 6 ttitt&JI* 

3 0 0 «IMr>U\ 

3 o i m&m. 
302, 304 mmm, 

3 0 4, 3 0 5 &ML 

400 mmfogmr/u 

4 o i mm* 

4 0 2, 4 0 4 f&ftJl, 

403 m&m* 

4 0 5 iHllS, 

5 0 0 ^^Dh7>7 (T<^D^>^^) , 
5 0 1 tt&Ji. 

5 0 2 ffi&fc 

5 0 3 Hg§o 

i (a) fcjK-r.kSfc, o ov^m^^mnm^ 
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, fflX&\Z&ZTtoimm*\ste<T%2TU±<DmtamX.mX. (saturation 
magnetic flux density) Bs t2 OeTOW (coercive force) He 

' *B© (0 0 2) Mftt>V>^m'tz.t>% a' (0 0 2) S£fc-&J&*ai£n* 
CfcfcJ^TfllSISn*. 021C&WT, (a) ttifcfcttJfll© (0 0 2) ®&s> 

ao» (b) tt&ftttg© (002) is^5oig#a6®*3&j«si$ns*&T» 

±J4bfc2T^±OiSa«*MB s t2 OeTOMHc^^Ci 
Afc&#fctfc8««rtttt, 02 (a) fc^TJfcMKfcteJfc^T, 02 (b) ©ck 

■5^ (002) mfrzcDmmBofrfimmznzmmmvttmzn^-rK. 

08*.fc£Ms)&«2. 2T&i^.&D, &5V>teHc#U O e&Tft^oW^m 
Afc«*i*a*C*S. ^nt^lt, 02 (a) Oj»<b«^»«i[«»Mrtt*«3»^ 

&~pf £*>©©, ±ie:/p~- H^ITO^^oTt) 2 T&±<Dffinm&ti&m 

Bsi2 0e&T©&^JHc£#5£<h«Ttffre&3„ 
Sfc±E«j«T?ttK*a:ttt^e^*Kft«feKfc:'3^T©*j£^fc^ Eft's 

fe£Co, Ni, C, O, N, B, Ta, Nd, Au, Ag, P dfc£07C*£5I 

r?SD, ^SSWfcf&Sa' ffi£££Sffi£T*&fltf*fltl 1WU H2 (a) 
SES^fciSK:* a' *g© (0 0 2) ®&£©IU!Jr$i£> -ecc-ft&OlHliJf^-r^; 
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iltta' *MMl©*#5*iJfc£*U 02 -(b) \Z.mt^13ia' *B© (0 0 

Z.(Da' mo (0 0 2)'ffi^6©IH*f«tt2 0tf*7 0° ~7 7° ©IBH7?»5 
*U 2 0#2 0° ~1 1 5° 0|&HTtt<r (0 0 2) «tO!ft^lHlJf*ttfilB9$ 

">3.;^jEltSstC«fcD, *»Wt«Sftft«cBltt#i&jE^«jt (beta 
ji : body-centered tetragonal structure) 

g*&tt&£H8#lh (VSM : vibrating sample magnetometer) £/8 

jreao, <i o o>^irj*5J;^<i 1 0>%mim<b'rzz.£&mRt3iZ.tfr 

c tttffiftfcSgfltt (axis of hard magnetization) £\ c ®j&s»fl2&Sl5 
(plane of easy magnetization) &MfttZC£iMIBRT?%Z Q Z.tl\t, mit 

±ffi^flstt*if*» S 588ft; (spontaneous magnetization) #*c®l*IT 
WHeStt^lRl^Stt-rnstfrfclS-rsflBI^S^ttx^;^ (magnetic aniso 
t ropy energy) £Jt^T^ ciSd>5 ctt^|Rlfcfin*t*fc:Rf *«ftft^rttx 

38* cP&c Ifcfr |r] tint L £ 5 £ £ fflb Z & < * c m ft & V>T0#.£J£ b 
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xmrnzmzmimmiz. j t<Dmj&&o. 5 a t *&±i 5 a t %ot©^ 
^^^it^Jitfc^o, 2Tj&±<D&mmj&®m%m~?z>tt i b\z, &mti 

£2 Oe^TlCT^^o ^bT, ttllfljfc&l a tX«±l 2 a tX«T©|fc* 

o- 8 ^©iti^fcoTi^^ 

S#H^£bTlfcDAnS2:£K:J:D8£tttefcS*i, 10" .#t.Vi<5*» 
fc&fc, @l:M4 , ©C^*^e!l^Ii-§^^^«fcD 1 0 5 [erg/cm 3 ] 

M±{CSBIS$n^e:«i:T, ±fcbfc#«8ft#tt#«fc0Hlft)£bT#&ns. 
*©»«|©H«tbT«:, (2 0 0) Iliffiit5WWSti5. 

^E^^©#S^«FttSJ:0--Jl5feSbT#S&8e)fc^ ±B» 

ffsbv*. ai*fc*^©TJi<i: bTRftftiWiitij^jeft^iira- 
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bTte, Ag, Au, Pd> Pt, Rh, AK Ir, Rutf>58ftS 

n*10^±©7C*3&«*W'6n«. #tc^©^^^ Ag = 4; 0 9A (a 
tt) , Au = 4. 08A (a Ml) , Pd = 3. 8 9A (ai) » P t = 3. 92 
A (ai) , Rh=3. 8 OA (aM) , Al=4. 0 5 A (ai) » I r = 3 
. 8 4A (a$|) > Ru = 4. 2 8A (cffi) Tr&§ 0 CCt, #5B9JT?«Efrfb 

•untft^sR^iiiiw-^tt, 4A±i o%<D!SB£m-ro 1A=0. 1 

^HJlc^^^^^Him^^ic (magnetocrystalline 
anisotropy constants) Ku#ftT**i:£&#ffc£LTV>*. cnttS58»fb 

JS[370#»il/T^ftT?*^7iDiy^^^l/-t (Ferroxplana) t&Ktl 

^u>m M^mmm. (cvd) -r^->tf-A^m u 
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^Tmm$m*'tz> z\tu<, j&$m.m*t>®%>hs-&evo®vtMT&MLTM 
±mhrcmm<Dm<mmit. m&umz 5 < c^± 100 "cgvpt ltcM&±iz 

mffctZZtlZk-DT, a' m<0 (0 0 2) ffifrZV^ffim. -??3it)t>. a' 
(0 0 2) ©^^g^M0 8 0%m±#e»n§©T, ^L,fe»m^^pJfl 
*#<zm®*&g£l O'CfiU:? OOTtb&i^ft a' (0 
0 2) 0»l^lO9O%£(±ta:?), BlfMoa^ttSiiAfe^^Jl^ 
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%&mT%mmtLTmmzmm'tz>ztT\ (200) wzimttzanv 

© (0 0 2) ftfre>V)®1fT&.Tfct)%a' (0 0 2) ©»«SI$n**»Wfe:fll 
Ag, Au, Pd, Pt, Rh, Al, I r, R ua>63WRS*l<5 1 Z>SK±(Dtc 

&5V>«> ±Elfcfltf*ffll©JBjfe&fe©ft;fo D fc> ©«>(«£ 

iE^ttX/t y ^ U >£%^ C V D &©*£«* ±Jfc V tc^M £^tf EjftfttfX £ 

TteO . 5 a t %EJLk 1 5 a t 96KT©ft*tSSft*^»:5|ft^©tftt*JffS 
IX > la t KEUl 2 a t XKT©«*i:»ai5tt*>6&*|ft^©^*t$ &te 
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&vm>&mti%m?%mfcmm%m^z>zLtiz&?T, m^o^y ncit^T 

Ay }*Wmilifi2 5 0 0 OeSft*T©jaiE#fc:»*atrc:i:*JT#&^ * 
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^ot, ^wiz&zmmm&mmmtvrcmm^y p 1 2 5 o o o e 
a ^umti * z&mzmmtt sa^fe-ar-a ^k^ot, «e* j; 

ffiiSUJS^) i'L/Tfll^tfcMRA*; H (magnetoresistive head) ^GMRA-y H 

(giant magnetoresistive head) „ TMRA^H (tunneling magneto- 
resistive head) '&&0*j(HSlCfliV>5tt$. 

*Mft«»iB»iS^jW»fc:/B v> fetish &£££irafii;:;i8fc$3tt& 

«4>&< 5 tLTifrMizm**>nz>o mmz^x. sou 

«jn?<&*. 8 7 \mw.mmmm&. 8 8\tmnmmmmft.<Dmm. 

8 9 £311- o 

£Jfltr>S££fc«fcD, Mit^BB»tK^8 7»SBfeiB#Ay 5 

7 £«j*fSlB«S 8 9 »bT3^^SM^£#^SiIt^T^-5o 
fcT, .*58Wfcff5^ftKS«fi*f»tb&8B«AyH8 0tt, 

(017) fc^viT#a$i/fc^ cn&w::, *%mz%z>mm.m&* is 



WO 01/93286 ; PCT/JPOO/08167 

22 

mtLT$M?%mm&m<D±\zmtTte%mnTWx\zm%x»%Zo mi s 
iz7jk?t&<o. ^omi&thT\Zs (a) \z7K-r&k{km&ftt>fc%M&wm9 5 
*mm&mfr ztzztrnm 9 4 <D±\zWLmmttrcmiHm$i t taumfc 9ot, 
(b) \ZTx-?mmmfrt>-fc%>m®imm9 5 tmmm 9 4 t<Dm\z#m&mfrt> 

9 3te&MT:N&JI* 9 6&&mil£^fo •fBrtlO^Tt), ^?&ffijg|<£>±(;: 

ftmzmnrcmimm^fczm&mmvftUT'mffi-zit, Km^m^^x 
, m<m%mz&'oz.tffix*zz>o tot, ±mm&frt>i3L%mm t 5 : /^ x\z. 

*%w\z&z>&iimMft ztzzmvkmmfe, mw.mmmmmfcmmm t vx 
m^^mm^m(oy\zmnxu^mn t ^A^x\zmmx^^ 0 mi 9tstt 
& o , ^omfc t Lxfe, ( a ) tc^-r^^M^ s^-s^ft^m 103 
&&frzuz>mmm 1 0 4<DT£it^im3gtta^E^&#a 0 0 1, (b) 
{c^-r^it^i 0 3 tmmm 104 £ofigfc«Mfr 1 0 6 & 

t^^SSiia^;iB^#:i 0 10210^5. 1 0 10 514 

m (Dmrnmik * <fc d hi&s § . 
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£3. 82 0 (a) tt)f$inm©Slttl2 0 1 2:tttttt»2 0 2 *>5fcSX 
^Xfx>^52 0 O£^T8i£Wfc!tr®Bn?fc0, 02 0 (b) JiJUSScn 

mom&m 2 0 4, mm&m 205 &&xw<m&M 2 0 6 s&sx tf > h 9 
#ws:m=?mm&&mrr 5 3 tf y# « jinrfe 0 , x# 

x >5?«E 2 0 0 m&t&M 2 0 1 &tttK£Jl 2 0 2*5&52 M0gfl|j&-?& D 

> Jio^V^3ify^^;raa2JiMfc:XlftilS'&**«*4b, MttAlft^U 

x*;i/*h*©ir#*&«u 1 0 omgo e*m&%nmmtz.ffiEftvsmtf3. 

— >5\ X If > h 9 >^X^H 2 0 3 ttKBH££ 2 0 4 Hl= yf. 
2 0 5tt^-X, tfe»ttJl2 0 6tt3l/^^tl/T««rS. -f&fc^ TOft 
12 0 4£#a&JI r 2 0 5 tO|BJk:n>rT^««E*i«bT*< £> $5&tt/i2 0 

7*-f AfflfcttiBttJ12 0 6lcB-r§o *■©«& &tt&Jl2 0 6OiftCDj 
ftdckoT, 3l^*®g&fcttt»M« r+, o, -j tegfcU h7>i?Z?ft% 

Vfr&lZ, ±|HX^X^x>>?^2 0 0 4>Xfc!>h7>vo^M52 0 3# 
5fcj£fc«f6f5&«>fc:fck £ftS&*j£TStt«tt«t2 0 2, 2 0 6^, ifcnm 
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(iH-imi) mm *^0j{c#§^«m»mm (as-de P0 rp) om. 

PgT, (anneal) #&<Tfc, #BI©ffirtfcatft:$li«|S*>-&, & 

3i«ffl^2 0 2, 2 0 6 thTmt>Xftm$M^$>Z>o 

•tz&mm&<D-nt\sT\ts 02 hc^t^d, ^nfcutisoit 

LT#»9Ifc#*lftte*j*tfcfllV*, ttttffE3 0 1 0±Tfc*S*« 3 0 2, 3 0 4 
3 0 2<D±m\zmWZnrz±UMB.3 0 4tt, ^afc&V>T*6ifcl3 0 3©T 

iSfcia«*tifcT»w»3 o 5 tii^nti^. ±^s^3 o 4cd^ 
?btT»«i3 0 6©^ C w^a&ftVTimfcmttzftitmm&fri-. 

*<Dmz\z* &&m&im&ttfa (£f?a©#ft) fc«ji3oi© 

±IB8ttJl3 0 1 M & tl5Hi$^LT#§ : t^TtS. <fcoT, 
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93©lfcfc0UR&«ttE 3 0 l t?Z>z:t\z&iO, *Sfc±E*Jfe&>&fcSiB5Mz 

^SI4 0 1±(C, ttM4 0 2, 4 0 4iZ^n^^O\zm^M4 0 3i 
±BB*j$©Kfliftg»7V , H';*T?B\ OTiJl4 0 3£iD;SL5£<hT, 

ttK v>>5r 3; u i> £ £ a> s » 2 t & jg*. 3 ^fDam^s * *rr s #s§9i 

fflT#3o d uT, aF7^tfitl0MHz OT©JttfeW4SV*JBft»[ 
z «k 0 *^««jR*«Tffiffl*r <5 21 £ ft i W £ Ufc3fr?T? * §, 

tt!5 0 1 ©MH{'M^#:5 0 2 SKJt, d©ilfi*#5 0 2 O^Mt»^^ 
5«K5 0 3ftS^&Jfe^«i;-5«^#^TEbfc i fe©^#^ens„ 

±IB«|J«©T<^D h7>X*SVittT-r^P-f ^ftS 5 0 1 

tbT»^«Sin«3ft«ft©W»ftKffl-rsi:i:C«kDv ^8S5 0 3«1"^m 
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*5&Bfcft£Jftfc«M*&»&« 5 o l izft^tc?^ ^ah? >x&6 WS^-f * 

mmm 

wj£ % w T*5fiw & «fc o wmizmmtz *mm* m s ©*is 
h kibes n*%>©T?fcft&:v>. 

*#0~2 OJK^K (at%) Tf«0»«tt (Fe) #&fcSifcl&fc©«ttJi 1 

01 (a) »#J(c^^^ft^EMOS^^r^^Plf®ia-efet), 
1 0 fctSfk 1 1 ttIttlTi&§. 
&#1 OtLTUfi^XmU (n-~>lf%tM, # 7 0 5 9) £JHV>, 

zm&mi lonmmt* &m\zmwzm<m (Fe-o 

-yy h2 5©|^*aciUKUT^y^-r*J:tK:«fcDSfl:***:. 01 2 
©Mtfcfc^T, ftftftJK (a' -Fe-Cl) J&>&fc3«ttJi 1 1 £JBriST* 

os/bk 9 <Dj&mm\z¥ffr-%mizmm mm •. s 0-5 ogauss 

(G) ] *WMLt£o f&mm\Z\$. *#:3 9**£4»T2 0 0*0, 2NfFb1 
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>K-Aft&£te©l£*lfefc£&kTfc«:b&l*. SSfcfci, Cytm^tS^u 
012 fcw?"S«K:fcV>T, 2 1 ttj£jR£> 2 2 ttj$K£2 1 <Dmffl<D—Jj0 

m\zwtmznvyTM^motiv-^. 2 3«m^2 1 ©jm©^©*^ 

KW-fc«ttJB3gJ*fflO* V- F, 2 4 tt* y - H 2 2 ©±fcf*ttfc/ty 7 7 «J£ 
JSjyfl©Fe*>S&*&— K 2 5te#y-F2 3©±£im&affi» 
/JfflOF e - Cj^S&SJS-^y 2 6, 2 7f4#*y— HfflO*&RSS# 
, 2 8, 2 9 ttft* y- K SifUftmS, 30, 31 v- F 
ffl©7-X->— 3 2fr>t5'^ 3 3 tt^^y^ ©HI(S^S, 3 4te:/^ 

y^©HP», 3 5 jaas#*;p^-5aw#, 3 6 aw*©® 
fc^m, 3 7 \tm&<Dummm^ 3 8a»*^-, 3 9&»#:, 4 o» 
ii#©^®fc¥ffT-^i^&)fer«»&HijiP'r*««wjiD¥a» 4 1 &#Ma,p 

^m^2 1 mmu 4 1 *^bT*s#>^^©ti5c¥a4 3 K&mztiT 

£9, $SI^2 l©rt^KS0fa©*«S^fc«JEr««fc5k:»^tlTlriS D 

fiBR^2 ltt^fX3»AP4 2S«^T*0, ^ft^4 4i^HlIg 
^MV^^OtX^, «^.«A r ^X^ti^^f^^XiAP 42^ 

bT^m^2 i©rtfflaifflfc:ftJ&Tf€rs«^SWbT^«. 

sst* mi2\z^-rmm^ mm^2 1 ©rt«$M©±;#fcttitr*a£#* 

3 8 iT#fc4fc«*r*£;fr y— H 2 2 , 2 3 £©Wteffi1IU M#££Ra 
Wfctfc«Sftl&ttfc1->'5ry^3 2&HA.T^S. S^y^ 2©*Jfe«/£||| 

^2 i®&B*&&nm\sTnftbftit®mmfre>fc&miR¥&3 3iz&t)3zm 

Sft, tsN5^fg&#|j&£&bW&o ->t>y^3 2H «#3 9fl|^SjlT*y 
-H*^lRj"rSfi:*fc:liPiJ3 4*«^TV>S. HrtB^a3 3^>f^32S; 
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?>^m»#^3 7 ££«bfc', «##;i^--£J#aMJ 3 5 ©-Sl:@t$nt^ 

U #Xl*AP4 2&^bTJ5fclt£2 10|^fflJffiMt^D^^&J»AU it 
j^«{g2 8j^69fa©****V'-H2 2fcWilDbT0f£©^fXJETfiS1t**je 
£it:fc« v £4M 9&*V-K2 2©±£&S£fc5«k3fc®te^a3 6Tfl 
3 9 £5&V-F2 2©Wte$'*y *WP«3 4iJttttnJ:5 
fcv^y*3 2£®ijg¥IS:3 3TfMR£l^5££fc«fc0*jre£*. *©«fc ^ 

rirrs»jR©jfts«, $^y*Bn«3 4£*&3 9<t*y-H2 2©ra»s 
$**«pWt*ise$flife£*MiiT5;:tic«fcoT»fii©i[t-rs. 

&T©*1 WU *«fc«*K^«ll*5tf9Xill«±lC^«t-«»©^3&*frT 



IS ^ M 



*#©#sf 



(#7 0 5 9) 



8 mmft 



^©^MW 
j£0t£©3l&Jtg& 



MMX&g, Ra<lnm 
1 0~ 7 Torr# 



Ar^ 
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1 OmTorr (®l . 3 3 P a) 

2 o o*c mmm) 

2 ox: (a'-?e-cmft§m) 

Fe-C (C=0-20at%,MSFe) 



110 ppb^TF 



4 inch 



3N (Fe-C) 



y*y hta#<h©p H 1Pi 5 0mm 
$—>fv h^<D&W7— W.ffi2 0 0W (Fe-C) 



(a 1) 0f3t©?fe^a$^fc^f7X^&&«5Sfr3 9 Sg-fctfUl^— 3 8 (C 
#D #&¥H!4 3£JBV>T, ilD4 1^^it2 1«» 

1 0" 7 Torr£ (fib* lTorr=#9l 3 3Pa) £&££TMl£b;fc. 

( a 2 ) &&$fft^g£ 3 7 J: 0 3 8 bTS#: 3 9 JIIH 

T§C:«h{3j;oT, S#3 90^®ja«S*92 0 O'CfcM- fiy#b&. 
(a 3) ^»#^3 7fc«kD3£#3M^--3 8^lTl#3 9£ 

2 OtSTWibL 



^©5t$ : 3 0-5 0G' 



flsfibfcHW 



3 0 Onm (a* -Fe-C) 

0. 4nm/'sec (a' -Fe-C) 



(a 4) £#jfr;i^-3 8ffi^—^y h2 5 <D±£tfc%&5\Z. 0^©36 
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(a 5) J$0E£2 l©rtflB£W£#;***An4 2 «fcOAr^X§iXU 777 
D-n>hD-7 PF0^) OmTo.r rfcWlfc, 

(a 6) jt^llM2 9^S#7-K2 3 £m£<£tt^«££MlU 

2 5 &&.ftm7VWy*L1t. *0|Rx *#3 9 CD»e>0-^-y^ h 2 5 
#jt.*fcVM*!BK:2'*y*3 2£E1ILfc (El 2) . 

(a 7) *<D&s &~9-tfyY2 5®*±fc>>iry*3 2©Wnfl53 4#<a 

3 2<DHHteJ:tK H$3 0 0nmOa' -Fe-Cl^&^Slftll IS* 

fcfc, *fafc*ttSa' -F e-cmoi&mmm (0. 4nm/sec) 
^tt!RfT5fi^fcXltt3 O^JIItaft (0. 0 0 2-0. 0 0 3 nm/ sec) £ 
Jt^Tl 3 0~2 0 0fg©g&HT&0, iiWtt>+»fc»jri?*5a*T?*« 

o 

(a 8) M&mi 1 £J!M£Lfc«». #V- H 2 3 fcWSPb.TV^E^€^Sif n 

(a 9) Mt2 l^Ar^XiA^f Jtl/T^e., A 

EU:©Ig (al) - (a 9) fc^oTfp^fcHfcj&fla^l 0/a ' -F 
e-CloattIll^e.^5H^ [Bl (a) ] fe, tt»Slilf»t5. 

(^«J2) 

01 (a) <DmmmzttZ.T. mi (b) ©**/frrfc:b , fefc:«# 
1 0±llFeI^^§/b77ll 2SiMTa' -Fe-ClOltil 1 

F ejKl 2©fts«fcttfctt«4N©Fe*-yy a' -Fe-C 
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mutFemi 2*i&j$ l '?z>i8,mm<DMmm£m\$i 0- 7 Tonkas u 
fijEUti^ttt«#:i o <Dj&mm\z¥-n n-^m^mm (mm :3o-5oo s» 

frK 2 0 OWmfcl 0±fcFe«U 2£#Jfcbfc&, Sftl 0 £ 

rll 2J:lCffiM©fcfifc#>S&5a' -Fe-Cft4^&5«ttll 1 

2 a ' - F e - CWtfr ZtaZM&m ll^Fel^f, 

ft 5 Ay 7 7 Hi 2£^bT#^X^S&5g#:l 0±fcf|s«f 

r^2j 

«■ € ffi 

#57. (#7 0 5 9) 
8mm^ 

^MiDI^LS. Ra<lnm 
10" Torr^r 
Ar J3X 
1 1 Oppb&T 

1 OmTorr 

2 0 0^ (f&M) 
2 0 Ot: (FefttfHBft) 
2 0*C (a'-fe-mftUm 
Fe, Fe-C (C=0-20at%,^Fe) 
4 inch 

4N (Fe) , 3N (Fe-C) 
' 9-yyht&#t<D!?m 5 0mm 



• riutefiftt 

• S#©#« 
• 

• Ar#7jE 



• ^-yy h©M£ 
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%U2 0 0W (Fe, Fe-C) 

»»©3I$ : 3 0~5 OG 

5nm (Fe) , 3 0 Onm (a'-Fe-C) 



0. 0 5nm/sec (Fe) , 
0. 4nm/sec (a' -Fe-C) 



(b 1) 0fJB©«5»«La*3»Afc^f7^^6^SI6#3 9£S#*;i/^-3 8 £ 
10-' Torr#fcfc5£T?«BEbfc.. afr*;i/^-3 8#Fe^S,&3 

&&r«»swiin"r*a«wjin¥e4 o *»ttfc. 

(b 2 ) m&timm&L s 7tz& vmft-fcjvy- 3 8 ^hxmw 3 9 *tm&m 

(b3) '&mM2 l©rt«26Mfc^*XP4 2«kl3Ar^*il(;AU "7X7 
D-3>ha-7 (^FHw) SfflV^T^ffiASl OmTorrKHWWbfc. 

(b4) »«2H2 8^6*V— H2 2 IZffifeommWl&WlML. 
vY2 .4S»5HB^'J^y^Ufc. *©BU S&3 9©»S>^-yy h 2 4 

(b5) h2 4©3*±fc5'*y*3 2©giP|R3 4#<S 

•fcSfc* ®^^3 3 SEATS'* 3 2^ftSt& (012) . v 
+ y*3 2©WKfc£D, JPS 5 nm©F eJ0W>&fc*/ty -7 7J1£S#:3 9± 

(b6) /ty7rl*»ritim *V-H2 2 OTinLT^fc®M#£-i£n 
fcJSU iSHSfltjhS^fc. ■?■©£, A r #*©#!& fcffifcU $E^2 1©|*i 
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ag&M* 1 0 " 7 TorrfcfcfcaSTjKffitk £ <B«IBT?fi£IWfll^a! 3 7 D 

&#sM^-3 8^bTS#3 9 £2 Ot^T^lILfc. 
(b7) m&*)l>y-3 8ifim-#—?y h2 5 <D±Qt?3:2>£5\Z. 
3 6£/BV>T^Sj$-&fc. 

(b8) j«^2 l©rt«Mfc#X#An4 2 ±DAr'jtf7SiXU TX? 
D-3>hn-7 flF0jS) *m^Tj3X1£t)&l OmTorrKlilWUfc. 

(b9) ®«E*S2 9^6*V--K2 3lC0f3t©Ii[«E**SWftlU gn^-y 
v h2 5£*$HW:/y;*/ty*Lfc. g#:3 9©»SB-^-y-/ h 

2 5^|,^V^IH^t 3 2 §|21lfc (012) . 

(blO) t<D'&, fg— h2 5(DM±\Z^^y^ S 2<£>§8Dg&3 4tft<£ 

3 2£>Mt;: e kD, H$3 0 0nm©a' -F e -CBH^&&*«ttJi&F elll 
-Lfcfl&J&Lfc. a' -Fe-CJUOfi^JiBfafiDttL^^&^SFe-C 

(bll) «ttH£JBfifeU&«* *V-K2 3fcWHDbT^fciaj«m*S-ifDfcM 

(bl2) 1^0Ar*^iA^MbT^&, ^i^X^iALMi 

£(±©Ig (bl) ~ (bl2) te«kD., IWIftl0/Fe/^77ll 
2/a' -F e-ClOlill ld>5&*ttftS 2 [01 (b) ] &fmV1t 

o 

H2fcl^-r«t'5t, ilBttj^tC^^Ta' ffiS^fcSffitf SR-fbttJii 1 1 <t 
fck X«II*rftK:J:tK a' (0 0 2) ii^ £><£®MT&:b , & a ' (0 0 
2) Si^^ill^n§e:i:(c:J;oTilj8iJ$n§ ! b©T^§o H2fc*V5T, 
(a) &#Hfc$cE© (0 0 2)-®#5©@$T##£fc5fc!-££&U ^©ift^ 
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fflfc:/p-Kfcwa*«*3n«»£Tfc?K (b) ftRfcttnt© (002) m& 
&©®^©*#««isna*£T?fcs. 



sw&^fc.kSK:* a* *g© (002) ®^e.©m^i^ *-©fl&©ia$r*rrfc 

lUiff' *MMH©2M&>S*J«Sn* 02 (b) IZTxT&ofca' *@© (0 0 

2) ffi*>5©igjff«i©*3^«ai$ns. 

0 3 H»J 1 Tffc$St)fc a ' - F e - CK©|&j$#tAft & tftft S 1 ©8§H 
Htji£> C o -K o»*fflVifcX»®Jfj*fc J; DW^fc»*&w , r^77T?»* 
. fit, EI3«02 (b) fc^ctfca' ffi© (0 0 2) BfjfrS©l§ttrl6©#j&qi 
SI$n5tt»*WcO±WrTwtfcfe©T?»S. @4H J&^Cffl^fcFe-C-er 
^-yy h©ft**« (x£*IB) i^tfc^b^«f©^^W*i© 
H«**-r^97T?»S. Ifc^T, B3©4 , fcjKt£*^ff*'ffcfr'&x 
= 0. 7 9, 2, 3, 4, 6 (at%) tfc^-y'y MC**nsC© 



03 ±0, flsttt&|fcfc*^©tt#tt, a' *B© (0 0 2) ®^e»©|U*fl|-r 
&fc>£ a ' (0 0 2) ©&tl&'J£ft£ C bififtft'olto £©®$ri»J4 2 0 # 7 0 
° ~7 7° ©^BT#£>n, 2 6^2 0° ~1 1 5° ©IfifflTttifiOig&riRW:^ 
SlSft&froifc. *bT, £©a' (0 0 2) #5©|§I*riiltt, B^O^m^^ 
mifim^lZ-DtlX 2 0 ©fi^ffifc5/7 hT5«lRl#B«>e>*U £©~>:7 htt 

(002) ft¥£w©iMjn&j*£tw5. znit, m4\z^-rxm^m^yt 

5MfS©-^tJ5§ESCA (Electron spectroscopy for chemical analysis) 

, ^?hoRmi cm) njt^Tfp«tfc^ft:«a!t«fi©c«^ra m 
fife) ©*^su«si^tTVi5^ c©«ariGf nttj«jK*frfc«koT3gt>5 
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fc©T& D , ±Jfibfta'-Fe - C j&©& IMftSfcttft Z&WTZ *>©Tte& 
tt»S 2"rfc*r6iK#l 0±fCF e*5&5;t»; 7rll 2£:frLTa! , -Fe 

•B5«u S'a^yEa^teADiHjgL&a* -Fe-CH©*^Fj£$ca, c& 
£tf £tie>©$cffi^ 6*J6fc*fcJfc c / a SB!+©&*^*lCjttLT:/n 

■ra«iRi&wu &n^o^2. 8 3W-£t^ofc. c/a©M 

#££^1. 0 6glt^u^e, #f.nfca' -F e -CRtt*W>iE^*l 
it (be t4ft$ : body-centered tetragonal structure) £t>0££;^<E>;fc£:£s: 

0 5 \$mmm i ©sms i £js ^xwtm vit&* mmm 2 ©to s 2 -r 
m 6 fa, n»j 1 rtm h tcun s 1 © 5 o&m&n*ifi 4 a t % © a 

' -Fe-ClOt7fU^ffiiT^, (a) «b c t J»iS©<0 0 

[rJ, (b) ttb c tmm<D<l 0 0>7j^ (c) ttbc t*jfi©<l 1 0>;fr 

i^©«***f. ^mmzj,mmunmmtim cvsm> *jflv>fc. £©a' - 

Fe-ClH 06 (a) J; t) c«|*J«{bffl«t«l7f*D, 06 (b) , (c) J; 
0 cI«^ifi/feoT^5^i»§. 
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r Ms 

E= J 0 HdM (l) 

£TF, Bl 7 feiOCgl 8 tSt^HW 1 Tfffilfc a ' -F e-cmomih (k 
Xf'J^) ft*fc*:5#JWW<jlcKH:rs. 07teb c t$i§tf><0 0 1># 
ftS:fc«<l 0 0>^IftKHK»S9JJinUfc#^* v H8ttbc t*lifi®<l 0 0 

«WttttWlnM8t»HT* 0 , IKI*ttWlin«»HK:*tt*aMbM (H) £t&ftMbM 

tot, *»Wt«Sd' -Fe-CM^ c I c U 
lRltt*fc»te&5fcX*;p:m, <0 0 l>#|frfcj;tf<l 0 O^fatefiBtlH 
<£TOBUfe^©m*^O^©®^SA«fc0^e>tl§ (07) . flU H7 
teSiM (demagnetization field) ©MiE^ffoTV^Vi. EWciB^ 
bfcHsat (=2 3kOe) tt, 15kOe &TZ<Dfttommim$nitmft,tiim 
&JH^TJ|i«fc«£bfcffi?n8« (saturation field) OffiT&So 

o o>jjm&£zS<i i o>^iRii:iiH$EPiinbfc^(Di{bii^sti§ 

mUSB &K)&lsb2>Zttf-5im-?$>Z> (0 8) . 

H7m ±e®*£Ufcfifn«gH..i izKmmmiE m2i koe) £ 
~rzt* <ooi>jj$](Dmik#ammmtz>MWi\t2 koeg«t*s5. 

« ' -F e - CK©fi|P«ftttF e ©fifil^D 1 7 0 0 emu/cm 3 
, ?*fcfc>"5i5fltSAtt ri/2*l700*2000j <h&£o d^T\ IB^t* 
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m8^e», <liO>^©IW(tM (H) /Ms = 0. 7 5#ifi 
gT^^lcM^ii^L ^omtm^frlzMML, 4 0 0 Oejg^T^fnf 
Z>Z\tififtfrZ> a cnil^LT, < 1 0 0 >*fpJ©MftH«, i:Oe@^©/h 

mtzjL*)V¥, -f&t>%\mks&\t ri/2*i.7oo* d-o. 75) *4 

0 Oj £&£o 

SA : SB= (1/2*1700*2000) : (1/2*1700* (1-0. 75) *400) 

= 10 0:5 (2) 
b1S.*Z.£&Z>s S Att SB,kO«f£ 2 ffi*£V:> 

M;^* c ® e» testis t ^rfcS-T sa^CS^ttx^^K: 

Jt^T, c Mfr £ c Itofrfafcjift* £ #«CS-rs«^S*ttX^Jl/^©5Er.*s 2 fir 

^tv^twe^t&^fe. ssfctt, c©V -Fe-ciit mm 

ZOmmt, Kl^WO-2Oat%0a' - F e - cmvtmt>e>fcfr 
o&. 2 OttfiS 2 tftb$3^±l:F e/ty 7 rlfe^UT a ' 

0 9 i xttmLtcums i ©s*^«tffift«*««B s t (Dm 

i^t^77T^§„ ^0^77<J;f), 1 5 a t %£TF(b Lfc a 

' - F e - CKtt, iaiffl$tltt^A7 K«WW»©fifiH8**ft 1 . 5 T 
*±@*IS|D«aJ««**3Sn?#*2ia:^^*. 3 at' -Fe-Cl© 
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yKTifyy^hZ. Ml 0£43^T, OI?tt<l 0 0>#|r], #BJtt<l 1 0> 

TfiHfc&tt^lXffiTU 2 OeOTfC&S. £ 5 I, 1 a 

1 2 a t X3n?mrT fc/cl, 1 5 a t KfsttgSTfcS, &a 
£U:©*g*«k D» *»WK:fllS^ft:ttRtt, 0. 5 a t 5 a t X&T 

*T*£ 1 a t 1 2 a t %£TF£ 2 TSttA.5fi*D«3t[*fti 

^^x»iEb&^ ±5BUfc«fiFtt, mmm2<Dmms2, -rfrt>%m&±\z& 
u uns 2 fc*^TS#±K:KJj-fc«uitt (200) ®*Mi£-r'&*«n?* 

Ji3fcJ£LT#&n* tt**S lcfcDtt»S2©**^©^*t«fc0ff*b 

£ifiT?&&o WF e-30at%Co-4at % ^Slfti 

tt, F e - 4 a t % C^&fcSOHSJKfcJt^T 1 . 1 2ft©l&*HK3fc«£S;firr 
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(MM 3) 

Fe-4a tXC^&^*«ttJ8tS^Ay^T^-r«IR^ 7 
OirXtfXtl/TArtfXfcftfcT (A r + N 2) ©S£#*&J8V>;fcjSC#&J6 

*s**©£&s#Mfc«cR («»s 3 wft-rs) &m&vit: 
r^3j 

gH^W* A » - A _L 

[at%] [X10- 6 ] 

0 -4. 1 

2 -4. 5 

4 -1.3 

6 -0. 6 

7 +0. 4 

8 +1. 4 
10 +2. 3 

®3*&^£&v>&fltf*«gfcj:i o- 6 

d)F e - 4 a t «C^6&sattBIK:a*S^JpUfe»^tt, 3«^£*#6 
~7 a t X©#ifiT«S3^— flJ/hS.<&'0 1 O-'t0il$ l boj8ffii)5t# 
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i^0-2 01f% (atX) T?fcD»aM* (Fe) frS>teZ>mMJ&®m&M 1 
1^1^10 ©±lCXA°y ^ U >^Ttt»lt*3f**IRfc, A r 
T (A r + N 2) ©»^^*fflVJfcj*^jg«lta^*. 

(lt|sfS4iBfS;t§) §MLfc. 
B16WU a' - F e - Clt^^ tS^ii^f AT, C^f itIII 

«N3?if*rt**©»& ' (o'-Fe-Ct^BB-TS) , OW«N'&W:fe& t 2atSg©4§£- 
, AEP(iN^*^3at%©^, AW»N^#*a*6at*©:||£\ ■ BJ«N'& 

01 6«fcD;. &T©J&raStf>£fcr>fc. 

(1) C^tijJfMa' -Fe-Cl (mfcf 4at%) TJfctSrr*^ Ift* 

(2) a' -Fe-CI (C^T*^0 ~ 8 at%) JMS*©MlS£tr2:£,i; 

at%i-T§^<fcT, 10 s [erg/cm 3 ] #iC«];SL£:g{bF e (a' -Fe- 

c-Nmtmz-fz) imznz* 

^T*fc**3ifcf SJL£te«k0* 10- 7 ft<DffiM£lO s [erg/cm 3 ] #©M£I 
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F e — 4 a t %Cfrbf£%M&m%Xrty?tikT'Bj$,tZ>mz, & 

mnMKDm&T-hj&^tc&oiz. *mw\z&z>&kimm\$ (002) m^s> 
ami ^b^^M-r^i^^^^t^^nfc^ffc^m© (002 

fPSLfe^^mo (0 0 2) ^£©0^31^1 (0 0 2) Mfr*>(D® 
®11<£D> S#^g£5t;&±l 0 orOT^Lfcii^ I max© 8 m&>± 

fifiWtfSffconT (0 0 2) ®*>6©®#«3ftfl^j&#fc/jN$<&* 

o BM^l 0t:^±7 OtOTtlfci^it X»3S£*tIiiax©9 
fflK±Kl^*J:t^6, BfS©a' -Fe-C«t*«iD-)i5SfjgLT#6n*© 

(H»J6) 
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2«T^->-^Hl, 5 3&±§^>-;i'Fji£it&£T«fe 5 4 ten -Ok 
5 5 ft±«Hfctt* 5 6 \$mU, 5 7 temU, 5 8 tef?£ / v;/ h\ 5 9 tefBifc'V;/ 

m 1 3 <Dmm.^y h 5 0 «sus$t3HP 5 1 ^t§u->-;p h« 5 2 1±» 
hi 5 3 r^/utcU^m^y h 5 8 ±»>'-;p h 

15 3«l2^y KCDTaHM5 3«M*fc*OfcD, :W ;P5 4£TSK8« 5 3 <h 

■Efc'V.y H5 9 S*J*1-S±aB«« 5 5 &<fcOTOT@ 5 3 iC, 
X/^^^ibfc^m WXimMJ&ifiF e - 4 a t %ca>&&3 a' 

BlaO "e^Mn-h^tlfe±^XA^^feT^^n^A°-VD-f (Fe-8 0 

ff$ffitcML^«l3fi#: (TBI*) SfflVi*. 

H 5 8 £*j^*«3K*Sfii3HP5 1 ©€@5 7*»ia«Ay H 5 9 ft* 

t^jEjc^nfca^t^y h 5 o 2 T^m^M^mamMmm^m. 
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#$K&&<hiBi^ Pfrzmft%mR®&m } b>h-£<-&2>Mmz$>z>tfs mm 

*$>7l\z. ^wizm&^mfrzfsLzm&mm&mm^y ^ommumzm^ 
tcmn.'w h 5 o «> v&ffif)<Dm^ffimmmmz&;-( xtaok v> 

H 5 9 ^iAMAy F5 0B2 5 0 0 O e&±<D&^ftffij3%T%Mmz 
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-TT^gg (HDD, hard disk drive) 7 0 fc^HTRE-rs. 
1 4fcw1"«$rtB»Sil©¥»r®Bn?**. HI 4*J:tfBl Sfcfc^T, 5 0 

ttatftAy iv 7 o h • x ^ 7.$ mm., 1 1 7 2 

> 7 3fiX^-f, 7 4tt^tf>H;k 75^-^, 7 6tttt£tf\ 77fi0 
*«fc«5HDD 7 0 tt, %mm 5 TwbfciftfcfcllJI&IBfifc^y H 5 9 ©±g& 

mm 5 5&&zrFimm5 3fcmtoit&*n^mmom<\y ks o^^ut 

*0!I©HDD7 Oft, RftttOttftiBfejKfr (HD, hard disk) 7 2*m& 

T&D, t#7 1 ©ft»fctt*»fe©«a«B»tSE#7 2*U^— y-7 3 t^SC 
^tf>H;P7 4Klif3i$nT«:^6nTVi*. ^#7 lfctt*lf>K;P7 

4©ttS»t .(^FHw) jWRttStU 1*#7 l©#ttfcflae>K;P7 4£|§rtg3 

gfc*t#7 2 fcj\ 3 tCcfcoTi&JaAy F 5 0 OA«fBHI**ftTl6»[ft 

SfcfcttftT?* *fcf> ^7 4©fl®DfclsMEl£fcfcSftTV>£. 

^#7 1 ©lWe*oT«&lBft«&#7 2 Offi^ffiflifctt, W^tt7 6 iz&? 
T^tf>K;i/7 4£¥frK£#£*ifcD--^y • 7 ^ 3^ x-^£lWft Stalls 
Si 7 7 #e«£*lTV>S. 7 7 fcRt*»fi©;W >^T~A 7 8 

A7 80^Si:lt *©±T4fc«fcfc*4HS^lMWiE#7 2 ©^®fcM&bT|B] 

h 5 o m%&&mm®*mmzm%mmmzmMtt®t Ltd 
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*mzitnfk'\y f 5 8 t^-mtvTcmmn^mmm^y ft?&o, mm 
tmmw7 2©g®tMiRj-r§x^-r ?<D-m\z.mm-&nT\,*%o m^y f 5 

JtEfl*J&K:<kftfck m§6MBfflt7 2 £HJiig$it\ ffi&'Sy F 5 0 £X-f 

, B&Ay H 5 0 («^,IB^S^7 2±Offi*©ttB^«!Rll6tfe-DT^*. 

±IlfcM©A-H • f^X^gI7 OTfl ^fiB^#7 2^HIfe$-& 

2_L©#l:©ft«fc:|£Ift£-fr > iSftlBfijific7 2&|fl^LTV^ffi^CfBM 
0^) K8S(A'; F 5 0 SfcriSTSIBfifc^y F 5 9 #3S£bfci8#£f1sJB£li:5 

,z. trmmmmfc 7 2 fcBrs©^w*s##&tfE >w 

ytfT-h 7 8 £^$j$i±Ti^vy F 5 O-gftStlBfttttii: 7 2 ±©&it©ft« 
H 5 0 &«rirr«f|^y H 5 8 TttmfS tfcTf«^l!l«Stt 

c© ±5 m<Dmw,tm&*fi om^\z, mm^y h 5 0 *«^rsia 

fik^y H 5 9 0±aH8S5 5 tTW5 3#&fcR9§bfcft<«ftfcttfl^# 
KttSa' -Fe-C«!T«Jfc£ttTV>5fc&i& t*0l|Ay FT?«* 

*&*&fTo fciR fc*tssi t &o x b * 5 £ 5 om \t*&smmtfc 7 2 
n»**»<T€rsct*«iifc-r*. ^£d, &mm\z%z>mm l '\yF%mj8,T 

Z>U±s\y H 5 8 tt&^flBft&ft: 7 2^5 D 3£V> £ 
£3©T, #W;:#5/v-F • 7.^87 0teS/NJfc©&JfFfcK8H£«r 
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£5tefcJU B14iHl 5fc*^v>Tfcfc«WL&A--H • x^X^gS7 0 
7 8©^!R^Kft*5S; , bH®K:*-r'b©fclB3t*nf > #Rfc£U-7§K»#iS& 

t>"fe 2 Ttt±©iSfI«83tC«ftt 2 O e KT©««**«Efci#^feSffft:tt«ft# 
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5. mmmimmte. ^mmit^cm-vmimBm^m^^t-m^t^iz 
^r?z>m.n.m-jj&ji*)\'*r\ztt,'<.T, cmfrz cmjjfiuzmn&t^zm-fzm 
$a.mjj&x.*)i¥<D-%& 2 ffiu±±% v> z t *<®mt? zm&m 4 izmmomik 

6. mmmmmmzmmzttLTMm.\M.-%faz, mm^Bm\mmizM 

7 . m&fikik&mtZ. 0 . 5 a t %&± 1 5 a t %^T©^t£M&$c^ 

& z t z&mt-rzm&m i fciB^o^ft^„ 

8 . mmmk$km\z. i a t 1 2 a t %^t©^^^to^ s&s z 
£*®m£?&mjkmiizmwt(DmtmWko 

10. mm&tfc&miz, ^m^=7tmtvx^tszt^wmtt^m^mi 
\zmm(Dm&mm. 

-t%nm±izmmt£nt£ z t^mttm^m 1 iz&mvm&wmo 

12. mmmm^m^t^rc^TLm^ mmmtmmm^mmm~x 
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14. mmmm^mmt^tz^Ttm^ Ag, au, Pd> pt> riu a 

1 7 . mmmzmwkitT&m- s mz, mmmkommum* 5 to ji i o o «c 

1 8 . f&IBBHtflHR&JB/fc-r § fit, Huf2S#©^ffi^^ 1 0 TO± 7 0 "C 

mtmmzmfrcmfc%'j>fc< t*> i o 0TOTt?$siiT3xf§, 
& jwi Ltcct t-rzm&m i 6 ^nuLomvmmfomm^m. 
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2 2. MtB£&#b bTO. 5 a t %£U1 5 a t%OT©#* 

tt*ft©8&£tt. 

2 3. a' «Sifc5ffiil, ^<i s b^m^^^^7nmiT§^k;^ 

2 5 . rnxm mmis ©v^n*> i E£iB«©&fc^# & 
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SBtt©8fLAy Ho 

2 7 . MIBIES^ v H^Ii«^l3ifflt^5 H i: SflfcfcB 2 5C 
©^©a&'VyF. 

2 8 . if #31 2 5 ICE*©**^ HftfflK &Mr$ttA£ft*g#k:ttAtt 

Tsd^^t-r sit*B2 8^Em©^iB^g. 

3 o . mim i ibm i 5 ©v^n*> i ^tie^©^^^ e>&3MMi£ 
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3 6 . flf&£ 1 1 5 ©MtDfc 1 «£IBi&©ft<fbttK# 

, mtt>v&mtifr%&mm&<o<s>i3i< bb-mzm*tzz.b*®WLb?z>m 
3 7 . mf&i 1 75M 1 5 ©v>^n*» i &fcBto<DR{tmmfr£tezm&wm& 

3 8 . i nm 1 5 ©v^na* 1 ®fciBtt©&ffe^}fr 
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